INTRODUCTION
Low power has emerged as a principal theme in today's electronics industry. The need for low power has caused a major paradigm shift in which power dissipation is as important as performance and area. Portable devices demand many features to be integrated on a chip of small area and long lasting batteries. Hence the power consumed by portable devices must be less for good life of the batteries so that they do not have to be replaced again and again. Power optimization can be done at various abstraction levels in CMOS VLSI design. That is at Device (Technology) level, Circuit level,Logic level, Architecture (System) level, Algorithmic level, etc. One such method at circuit logic level is energy recovery method, which employs reversible logic gates.
According to R. Landauer's research [2] , energy (heat) of KTln2 is dissipated for every Irreversible bit operation, where K is theBoltzmann's constant (1.3807×10
-23 JK -1 ) and T is the operating temperature. For T equal to room temperature (300 K), KT ln2 is approximately 2.8×10 -21 J, which is small but non-negligible. In 1973, C. H. Bennett [1, 3] concluded that no energy would dissipate from a system as long as the system was able to return to its initial state from its final state regardless of what occurred in between. It made clear that, for power not to be dissipated in the arbitrary circuit, it must be built from reversible gate. Reversible circuits are of particular interest in low power CMOS VLSI design.
A combinational shifter is a digital circuit that can shift a data bits in the specified direction at a rate faster than a conventional sequential shifter. It can be implemented as a sequence of multiplexers (mux), and in such an implementation the input of one mux is connected to the input of the next mux in a way that depends on the shift direction.
The combinational shifter has a variety of applications, including being a useful component in microprocessors. The shift unit attached to a processor transfers the output of the ALU onto the output bus. The shifter may transfer the information directly without a shift, or it may shift the information to the right or left. Provision is sometimes made for no transfer from the ALU to the output bus. The shifter provides the shift micro operations commonly not available in an ALU.
An obvious circuit for a shifter is a bidirectional shift-register with parallel load. The information from the ALU can be transferred to the register in parallel and then shifted to the right or left. In this configuration, a clock pulse is needed for the transfer to the shift register, and another pulse is needed for the shift. These two pulses are in addition to the pulse required to transfer the information from the shift register to a destination register.
The transfer from a source register to a destination register can be done with one clock pulse if the shifter is implemented with a combinational circuit. In a combinational-logic shifter, the signals from the ALU to the output bus propagate through gates without the need for a clock pulse. Hence, the only clock pulse needed in the processor system is for loading the data from the output bus into the destination register.
LITERATURE SURVEY
Adiabatic computing is also called as "Reversible Logic" and mainly based on energy recovery methods. The term Adiabatic comes from the theory of thermodynamics. Adiabatic means 'without changing the amount of heat'. There are several processes that one wants to conduct without changing the amount of heat. This guarantees that they will be reversible. Quantum computation is also a reversible process, and the above computation is termed adiabatic. In Adiabatic computing instead of dissipating power, reuse it for some other process. So there will be no energy loss in the form of heat dissipation. Adiabatic computing is suitable only when delay is not critical because in this the energy is traded with delay. Since the reduction in switching energy is linear in supply voltageAdiabatic switching is a promising approach for large capacitive load circuits [7] . For sufficiently low switching, adiabatic circuits consume low power than their conventional counterparts [7] .Adiabatic switching is the better approach particularly for small V dd values [7] .Asymptotically zero energy can be obtained by using fully adiabatic circuits at the cost of complexity.Quasi adiabatic logics can be used with minimum energy loss and less complexity.
Landauer [1] has shown that for every bit of information lost in logic computations that are not reversible, KT ln2 joules of heat energy is generated, where k is Boltzmann's constant and T the absolute temperature at which computation is performed. The amount of energy dissipation in a system increases in direct proportion to the number of bits that are erased during computation. Bennett [2] showed that KT ln2 energy dissipation would not occur, if a computation were carried out in a reversible way. Thus, a reversible operation ensures low energy dissipation. Since the energy dissipated in CMOS cells is proportional to the number of transitions, to the output load, and to the square of the operating voltage. Energy of E= ½CV 2 is stored and this energy gets dissipated whenever switching occurs in conventional (irreversible) logic implemented in modern CMOS technology, we reduce the number of transitions, the capacitance, and the voltage [9] . There are a variety of considerations that must be taken into account in low-power design which include the style of logic, the technology used, and the logic implemented. Factors that were shown to contribute to power dissipation included spurious transitions due to hazards and critical race conditions, leakage and direct path currents, pre-charge transitions, and power-consuming transitions in unused circuitry [7] .
Efficient charge recovery logic (ECRL) is proposed as a candidate for low-energy adiabatic logic circuit. Proposed logic shows four to six times power reduction with a practical loading and operation frequency range. The ECRL inverter chain shows 10-20 times power gain over a conventional inverter chain [4] . It has been shown that reversible logic helps in saving this energy using charge recovery process [6] .
Reversible computation in a system can be performed only when the system comprises of reversible gates. A gate is reversible, if there is a distinct output assignment for each distinct input and it has the same number of inputs and outputs. Thus, a reversible gate's inputs can be uniquely determined from its outputs. Also, the input and output vectors have a one-to-one mapping. Direct fan-outs from the reversible gate are not permitted. Feedbacks from gate outputs to inputs are not allowed. A reversible gate with n-inputs and n-outputs is called an n x n reversible gate. Several reversible gates have been designed till date. Some prominent among them are the Feynman gate, the Toffoli gate, the Fredkin gate and the Peres gate [5] . By using NOT, CNOT, CCNOT and FREDKIN gates, any combinational and sequential systems can be built. Sk. Noor Mahammad and KamakotiVeezhinathan [8] showed that a novel universal reversible logic gate (URG) and a set of basic sequential elements that could be used for building reversible sequential circuits, with 25% less garbage than the best reported in the literature. He showed that the reversible implementation consumes 29.23 times lesser power, 2.57 times more transistors, and 3.77 times more delay than its static CMOS counterpart.
METHODOLOGY

Introduction to Combinational Shifter
A Combinational-logic shifter can be constructed with multiplexers as shown in the Figure 1 . The two selection variables, H1 and H0, applied to all four multiplexers to select the type of operation in the shifter. With H1H0=00, no shift is executed and the signals from F go directly to the S lines. The next two selection variables cause a shift-right operation and shift-left operation. When H1H0=11, the multiplexers select the inputs attached to 0 and as a consequence the S outputs are also equal to 0, blocking the transfer of information from the ALU to the output bits. Table1 summarizes the operation of the shifter.
Basic Reversible Gates
There are a number of existing 3x3 reversible gates such as the Fredkin gate, the Toffoli gate, the Peres gate and the Feynman gate. Each reversible gate has a cost associated with it called the quantum cost.
Table1: Functional Table for Shifter
The quantum cost of a reversible gate is the number of 1x1 and 2x2 reversible gates or quantum logic gates required in designing it. The quantum cost of all reversible 1x1 and 2x2 gates is taken as unity. Any reversible gate can be realized by using 1x1 NOT gate, and 2x2 reversible gates such as the Controlled-V and the Controlled-V + and the Feynman gate which is also known as Controlled NOT gate (CNOT). Thus in simple terms, the quantum cost of a reversible gate can be calculated by counting the numbers of NOT, Controlled-V, Controlled-V + and CNOT gates used in implementing it.
Feynman Gate (CNOT Gate)
Figure2: CNOT gate and its quantum representation
Feynman gate (FyG) or Controlled-NOT gate (CNOT) is a 2 X 2 Reversible gate with inputs A, B mapping to outputs P=A, Q=A XOR. Since it is a 2x2 gate, it has a quantum cost of 1. Figure 2 shows the block diagram and quantum representation of the Feynman gate.
Toffoli Gate
Toffoli Gate (TG) is a 3x3 two-through reversible gate asshown in Fig. 3(a) . Two-through means two of its outputsare the same as inputs with the mapping (A, B, C) to (P=A,Q=B, R=AB xorC), where A, B, C are inputs and P, Q and Rare outputs, respectively. Toffoli gate is one of the mostpopular reversible gates and has quantum cost of 5 as shownin Figure3. The quantum cost of Toffoli gate is 5 as it needs2 Controlled-V gates, 1 Controlled-V+ gate and 2 CNOTgates to implement it. shows the quantum implementation of the Peresgate (PG) with quantum cost of 4. The quantum cost ofPeres gate is 4 since it requires 2 Controlled-V + gates, 1Controlled-V gate and 1 CNOT gate in its design. In the existingliterature, among the 3*3 reversible gate, Peres gatehas the minimum quantum cost.
Figure 4: Peres Gate and its quantum implementation Fredkin Gate
Fredkin gate is a (3x3) conservative reversible gate,having the mapping (A, B, C) to (P=A, Q=A'B+AC,R=AB+A'C), where A, B, C are the inputs and P, Q, R are the outputs, respectively. It is called a 3x3 gate becauseit has three inputs and three outputs. 
Proposed Reversible Combinational Logic Shifter
Two different forms of Reversible combinational shifter designs are proposed here and few more designs may be tried offering further optimization in terms of different costs. The main issues to consider during a design are quantum cost, gate cost and garbage outputs.
Design-1: Combinational Logic Shifter using
Feynman and Fredkin gates. The design of each 4:1Mux requires 1 FEYNMAN and 3 FREDKIN gates. This design requires a total of 16 gates. Each 4:1 mux has a total of 7 inputs which includes 4 variable inputs and 1 Constant input (Garbage Input-GI) and 2 select inputs. Constant inputs include a zero. Total number of outputs is 9; out of which 4 are garbage outputs (GO). The implementation of a 4-bit combinational shifter is shown in Figure 6 and may be extended to any number of bits.
Design-2: Combinational Logic Shifter using
Fredkin gates
The design requires four 4:1 Mux and each 4:1 mux is built using 3 FREDKIN gates. This design requires a total of 12 FREDKIN gates. The total number of inputs to each mux is 6 which include 4 variable inputs and 2 select inputs. Total number of outputs from each mux is 9, out of which 3 are garbage outputs. The implementation of a 4-bit combinational shifter is shown in Figure7 and may be extended to any number of bits.
Figure7: Design2-Reversible Combinational Logic Shifter using only Fredkin gates
The implementation cost of variable size combinational shifter is shown in Table 6 and it is evident from the listing that design-1 offers better results and the number of garbage outputs may be obtained using Eq. 3.1. = ( + ) ……………..Eq. 3.1 Here, n indicates the size of the combinational shifter to be implemented. It may be observed that design-2 has no constant inputs. 
Results
Results using RevKit Tool
Parameter Results
Comparing both the designs we can conclude that good amount of reduction can be obtained in gate cost (GC) by designing the combinational shifter using "Fredkin" gates alone. Table 2 indicates the synthesis results of a 4-bit shifter and the graphical representation of these resultsis shown in Figure 12 . The simulation of the combinational shifter for design-2 is also performed using in cadence analog flow using gpdk180 technology library; the area report and the power report are generated.
Area report
The Area report for the proposed design is generated and listed in Table 3 Area report for the design using Fredkin gates only. 
Power report
The power report for the proposed design using Fredkin gate is generated and listed in Table 4 . Power report for the design using Fredkin 
CONCLUSIONS
Parameters like Transistor cost, Quantum cost, gate cost, line cost and garbage outputs amongst the proposed design using RevKit are calculated.Good amount of reduction can be obtained in GATE COST by designing the Combinational Shifter using only "Fredkin" gates. 
